endoscopic submucosal dissection were introduced in low-to-moderate-volume hospitals with acceptable morbidity rates. The short-term survival was excellent. However, other oncological outcomes were poorer than those observed in high-volume centres and more secondary procedures were required. 
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Introduction
The use of endoscopic resection in the treatment of superficial gastro-intestinal neoplasms is gaining popularity worldwide. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD) are the key endoscopic methods pioneered in Japan and Korea for resection of these lesions. [1] [2] [3] [4] [5] [6] [7] Early gastric or oesophageal neoplasms are associated with a low rate of lymph node metastasis and endoscopic resection of these neoplasms has been shown to be associated with a low rate of morbidity and high long-term survival. 6, 7 Nevertheless, the adoption of these techniques outside high-volume countries has been slow, as the recognition of early gastric and oesophageal neoplasms is difficult and the procedures required for endoscopic resection are technically demanding and have a long learning curve. [8] [9] [10] [11] [12] [13] [14] In Hong Kong, an increased awareness and recognition of early gastro-intestinal neoplasms have resulted in greater frequency of diagnosis of these lesions. Hence advanced endoscopic resection procedures such as EMR or ESD are also being performed increasingly. However, the scope of these services provided by government-funded hospitals operated by the Hospital Authority of Hong Kong has not been previously defined. In addition there are limited data on the outcome of these advanced endoscopic procedures outside high-volume centres of Japan and Korea.
The aim of the current study was to perform a region-wide audit of the short-term clinical and oncological outcomes of EMR and ESD for superficial upper gastro-intestinal neoplasms in all government-funded hospitals in Hong Kong.
Methods
This was a Hong Kong-wide retrospective review commissioned by the Hospital Authority of Hong Kong of all patients who underwent EMR or ESD for superficial upper gastro-intestinal lesions between January 2010 and June 2013 in 12 governmentfunded hospitals. Patients were identified using the Clinical Data Analysis and Reporting System (CDARS) based on their diagnostic and procedural coding (9th edition of the International Classification of Diseases). The CDARS is a computer-based administration database that records all the diagnostic and procedural coding of admitted patients. Patient data were retrieved and reviewed manually through the system. Data were recorded for indication of the procedures, peri-procedural and procedural parameters, oncological outcomes, and morbidity and mortality. The study was performed according to the Declaration of Helsinki.
Endoscopic mucosal resection or endoscopic submucosal dissection procedure
All patients who underwent EMR or ESD of the oesophagus, stomach, and duodenum were included in the study. To differentiate these patients from those that received simple polypectomy, EMR was defined as the act of performing mucosectomy with prior injection of a cushioning fluid into the submucosa to hasten removal of the lesions. It was acknowledged that EMR could be performed by a variety of methods but this review did not attempt to sub-classify patients according to the different techniques used. 1 On the other hand, ESD was defined as a more refined form of mucosectomy that involved submucosal injection of a cushioning fluid, circumferential incision of the mucosa, followed by dissection of the submucosal tissue to free the lesion away from surrounding tissue. The type of endoscopic knives used for mucosal incision and submucosal dissection were also recorded.
The outcomes of EMR and ESD were assessed clinically and oncologically.
Assessment of clinical outcomes
Compared with conventional polypectomy, ESD is a technically demanding procedure that is associated with an increased risk of complications. In particular, the risk of perforation and bleeding are heightened in inexperienced operators. 13, 14 In the current study, intra-procedural and post-procedural complications were recorded and factors alluding to development of these complications were also reviewed.
Assessment of oncological outcomes
To determine whether EMR or ESD can provide adequate oncological clearance for neoplastic lesions, assessment of long-term survival is essential. However, since EMR or ESD procedures have been performed in Hong Kong for only a short period of time, such assessment was not possible. Thus, the adequacy of oncological control of EMR or ESD was based on completeness of resection as judged during the procedure, presence of margin involvement (lateral and deep), the need for piecemeal resection, and recurrence rates. En-bloc resection was defined as resection of the tumour in one piece. R0 resection was defined as resection of the tumour with clear lateral and vertical margins. R1 resection was defined as microscopic involvement of the margins. R2 resection was defined as macroscopic involvement of margins as noted during endoscopy. Local recurrence was defined as recurrent cancer detected at the primary resection site during follow-up oesophagogastroduodenoscopy when pathological review of the ESD specimen revealed no tumour on the lateral and vertical margins.
Statistical analyses
Statistical analyses were done mainly using descriptive analysis. The predictors of morbidity and local recurrences were analysed by multivariate logistic regression analysis using the following factors: sex, American Society of Anesthesiologists grading, presence of neoplastic lesions (adenoma, dysplasia, carcinoma), ESD performed as a staging procedure, the need for piecemeal resection, pathological size, lateral and vertical margin involvement, depth of pathological invasion, R0 resection, and the institution volume of ESD. The 2-year overall and disease-specific survivals were calculated using the Kaplan-Meier estimator. A two-sided P value of <0.05 was considered statistically significant. Statistical analyses of data were performed using the Statistical Package for the Social Sciences (Windows version 20.0; SPSS Inc, Chicago [IL], US).
Results
During the study period, 187 lesions in 168 patients were resected. The patient demographics are shown in Table 1 . The mean (± standard deviation) age of patients was 61.9 ± 14.3 years and 61.3% were male. Overall, EMR was performed in 34 (18.2%) lesions and ESD in 153 (81.8%) lesions for dysplasia or carcinoma with the majority of lesions located in the stomach (132 lesions, 70.6%), followed by the oesophagus (43 lesions, 23%) and the duodenum (12 lesions, 6.4%). The distribution in the numbers of the procedures among various hospitals is shown in Figure a . The clinical outcomes of the procedures are shown in Table 2 . General anaesthesia with tracheal intubation was required for the majority of procedures (n=148, 79.1%). The procedural times were recorded in 50 (26.7%) procedures only and were not representative of the actual time required for the procedures. The mean size of the lesions was 2.6 ± 1.8 cm. The 30-day morbidity rate was 14.4%. Intra-procedural complications occurred in 13 (7.0%) procedures, with one procedure having both bleeding and perforation. Perforations occurred in eight (4.3%) procedures and all were controlled with endoscopic clipping. Severe bleeding requiring endoscopic clipping or transfusion occurred in six (3.2%) procedures. One procedure required conversion to open surgery due to uncontrolled bleeding. Post-procedural complications occurred in 14 (7.5%) procedures; the most common causes of which were bleeding (4.3%), stricture formation (1.6%), and perforations (1.1%). All post-procedural bleeding and stricture formation were managed endoscopically. The procedures having perforation were managed conservatively. No patients had postprocedural mortality. The mean hospital stay was 3.7 ± 3.1 days. Haemoglobin level was checked on the first post-procedural day in 116 (62%) procedures. Proton pump inhibitors were prescribed to 171 (91.4%) procedures; of these, 93 (80.2%) were administered to ESD in the stomach. No difference in size of lesions, hospital stay, or morbidities was observed between university-and non-universityaffiliated hospitals.
The types of knives used for mucosal incision included the Dual knife (35.8%; KD-650U, Olympus Co Ltd, Tokyo, Japan), the triangular tip knife (14.4%; KD-640L, Olympus Co Ltd, Tokyo, Japan), the needle knife (8%; KD-1L-1, Olympus Co Ltd, Tokyo, Japan), the insulated tip (IT2) knife (7%; KD-610L, Olympus Co Ltd, Tokyo, Japan), and the Hybrid knife (3.7%; ERBE, Tübingen, Germany). Knives used for submucosal dissection included the Dual knife Table 3 . In 22 (11.8%) lesions, en-bloc resection was not possible and the lesions had to be resected in piecemeal. Among patients having adenoma, dysplasia, or carcinoma (n=100), R0 resection was achieved in 78%. In 7% of the patients, pre-procedural investigations were inconclusive on the feasibility of endoscopic resection and ESD was performed as a staging procedure. Lateral margin involvement occurred in 14 (14%) procedures and vertical margin involvement occurred in eight (8%) procedures. Local recurrences occurred in nine (9%) patients and five were treated by further ESD.
Residual disease was present in 15 (15%) patients, four due to failure to complete ESD and 11 due to margin involvement. Of these 15 patients with residual disease, complete resection was achieved in eight during salvage surgical resection, two patients underwent repeat endoscopic resection, two underwent radiofrequency ablation, and three refused treatment. The mean follow-up time of patients was 20.6 ± 10.8 months and the 2-year overall survival rate and disease-specific survival rate was 90.6% and 100%, respectively (Fig b) . Overall, 38.5% of patients were followed up for at least 2 years. No differences in oncological outcomes were observed between university-and non-university-affiliated hospitals.
The predictors of morbidity in patients who received endoscopic resection were then analysed with multivariate logistic regression (Table 4) . Specimen size of ≥5 cm (P=0.001), the need for piecemeal resection (P=0.032), and pathological invasion to the submucosa or deeper (P=0.042) were independent predictors of morbidity. The predictors for local recurrences were also analysed: the need for piecemeal resection was the only independent predictor (P=0.011; Table 5 ).
Discussion
Using a hospital admission database, the outcome for patients who underwent endoscopic resection of superficial upper gastro-intestinal neoplasms among 12 government-funded hospitals in Hong Kong was reviewed. The total number of procedures performed was higher than expected and the procedures were associated with a low risk of morbidity. Nonetheless there may be room for improvement in the oncological outcome, particularly in terms of rates of margin involvement and the number of patients with residual disease. The predictors of morbidity and local recurrence were in line with those reported from high-volume centres and the 2-year survival of patients who had adenoma, dysplasia, or carcinoma Staging procedure (n=100) 7 (7) Lateral margin involvement (n=100) was excellent following endoscopic resection. The adoption of ESD outside Japan and Korea has been slow. 5, 8, [15] [16] [17] [18] The reported studies were mostly small series and the results were variable. In four European and two South-East Asian studies, the number of patients included was between 23 and 70, the en-bloc resection rate ranged from 25% to 100% and morbidity 0% to 24%. These results contrast with those obtained from Japan and Korea. In the stomach, the rate of en-bloc resection was 94.9% to 95.3% and piecemeal resection was 4.1%. The risk of bleeding was 1.8% to 16.2% and perforation was 1.2% to 4.5%. The risk of recurrence was less than 1% and the 3-and 5-year overall survival rates were 98.4% and 97.1% respectively. 6, 7 These results reflect the difficulty of introducing a technically demanding ESD programme in low-to-medium volume localities outside Japan and Korea. 19 The reasons for poorer clinical and oncological outcomes may be explained by a combination of factors. These include the early experience and learning curve issues, technical difficulties leading to the need for piecemeal resection, and failure to recognise tumour margins.
The current study is the largest non-Japanese and non-Korean report on the outcomes of ESD. The results illustrate that an acceptable en-bloc resection rate and morbidity rate can be achieved in low-tomedium-volume hospitals. The introduction of endoscopic resection techniques in Hong Kong is in its infancy with many challenges similar to those described in western literature. [20] [21] [22] The emphasis in our region, however, was not just on the technical performance of ESD but also the ability to detect and diagnose these lesions. In 2011, a total of 1101 new cases of gastric cancer were diagnosed in Hong Kong but the percentage of cases that were amenable to endoscopic resection is unknown. 23 Based on the findings of this study, the percentages are likely to have been much less than 10%. This figure contrasts significantly with those reported from Spain (20%) and Japan (53%). 24, 25 Hence, measures to further improve the early diagnosis of upper gastrointestinal malignancies are needed. Key personnel to perform ESD in individual hospitals should be identified and receive intensive training in screening endoscopy to improve detection of early lesions. 26 These individuals should attend local workshops The use of population-based screening programmes in our locality may not be justified because of the moderate incidence of upper gastro-intestinal cancers, but studies to evaluate screening of highrisk groups may be justified. 30, 31 Better recognition of early upper gastro-intestinal neoplasms not only increases the detection rates but may also allow more accurate pre-ESD assessment and improve the rates of margin involvement and oncological outcomes.
It is acknowledged that ESD remains a technically demanding procedure that is associated with risk of perforation and bleeding. To master such skills, the surgeon must be familiar not only with the ESD procedure, but also with the methods used to treat complications. In addition, the difficulty of ESD depends on the organ involved, as well as the location within that organ. 32, 33 Thus, in high-volume centres, learning of ESD is usually done in a stepwise approach, starting from easy small lesions located at the antrum of the stomach and progressing to more difficult lesions or lesions located in other parts of the gastro-intestinal tract. 34, 35 The number required for mastering the technique is 20 to 40 procedures in each location. These numbers are unlikely to be attainable within a short period of time in Hong Kong and most western countries. Hence, each locality will need to decide on the most appropriate training strategy to overcome the learning curve: this will likely involve intensive training with the use of animal models, apprenticeship with local experts, and overseas training in high-volume centres. 13, 20, 24 It may also be beneficial to the region to restrict the performance of ESD to a few key personnel in the main institutions and once they are proficient, involve other endoscopists in the process.
To further improve the outcome of endoscopic resection of upper gastro-intestinal lesions in Hong Kong, a number of measures should be implemented. The establishment of a task force on endoscopic diagnosis and treatment of early gastrointestinal cancers with regular training should be considered. A local standard in endoscopic reporting and pathological examination is required as these assessments of early upper gastro-intestinal neoplasms are unique and pivotal to guiding treatment. A 'best practice' guideline for performing ESD and the provision of pre-and post-ESD care should be established to provide a benchmark for future audits.
There were a number of limitations to the current study. First, patients included in the study were identified using CDARS based on the diagnosis and procedural coding. There is a risk of unidentified procedures if they were incorrectly coded. Also, those procedures that were performed outside the Hospital Authority hospitals could not be accounted for. Second, since this is a retrospective review, some outcome parameters might not have been properly defined or available for all patients. Finally, since there is no standardised reporting system in Hong Kong for ESD or EMR and pathological assessment, there was a risk of information bias during extraction of the data.
Conclusion
The introduction of ESD in Hong Kong is still in its infancy; EMR and ESD were introduced in lowto-moderate-volume hospitals with acceptable morbidity rates. The short-term survival was excellent. Nonetheless, other oncological outcomes were poorer than those observed in high-volume centres and more secondary procedures were required.
